Lutibaculum baratangense gen. nov., sp. nov., a proteobacterium isolated from a mud volcano 
, was isolated from a soil sample collected from a mud volcano of Baratang Island, Andamans, India. The predominant fatty acids were C 16 : 0 (5.7 %), C 18 : 1 v7c (78.6 %) and C 19 : 0 cyclo v8c (6.3 %). Strain AMV1 T contained ubiquinone 10 (Q-10) as the major respiratory quinone and minor quantities of ubiquinone 9 (Q-9). The polar lipids consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, three unidentified lipids, one unidentified phospholipid and one unidentified aminolipid. 16S rRNA gene sequence analysis indicated that strain AMV1
T was related most closely to the type strains of Tepidamorphus gemmatus, Bauldia consociata, Afifella pfennigii and Amorphus coralli, four members of the order Rhizobiales (class Alphaproteobacteria), with pairwise sequence similarities of 95.0, 94.5, 94.4 and 94.0 %, respectively; it shared ,94 % 16S rRNA gene sequence similarity with all the other members of the order Rhizobiales. Phylogenetic analyses indicated that strain AMV1 T clustered with
Tepidamorphus gemmatus and with species of the genera Amorphus, Rhodobium and Afifella. Phenotypic and phylogenetic characteristics thus suggest that strain AMV1 T is a representative of a novel species of a new genus, for which the name Lutibaculum baratangense gen. nov., sp. nov. is proposed. The type strain of Lutibaculum baratangense is AMV1 T (5KCTC 22669 T 5NBRC
105799
T 5CCUG 58046 T ).
Mud volcanoes/cold seeps are a natural source of methane (Niemann et al., 2006) . Methanotrophic bacteria and archaea are predominantly found in these habitats (Niemann et al., 2006) . Apart from Beggiatoa and Thiomargarita, which use oxygen or nitrate for respiration (Omoregie et al., 2008) , other sulfide-oxidizing bacteria belonging to the class Epsilonproteobacteria are found in cold seep systems (Campbell et al., 2006) . A few novel bacterial species reported from these habitats include Altererythrobacter epoxidivorans, Cupriavidus pinatubonensis, Cupriavidus laharis, Halobacillus profundi, Halobacillus kuroshimensis, 'Marinobacter alkaliphilus' and Sulfurovum lithotrophicum (Hua et al., 2007; Inagaki et al., 2004; Kwon et al., 2007; Sato et al., 2006; Takai et al., 2005) .
The order Rhizobiales is a phenotypically and phylogenetically diverse group within the a-2 subgroup of the Proteobacteria (Woese et al., 1984; Kuykendall, 2005) . At the time of writing, it comprises 13 families, Aurantimonadaceae, Bartonellaceae, Beijerinckiaceae, Bradyrhizobiaceae, Brucellaceae, Cohaesibacteraceae, Hyphomicrobiaceae, Methylocystaceae, Methylobacteriaceae, Phyllobacteriaceae, Rhizobiaceae, Rhodobiaceae and Xanthobacteraceae. The order Rhizobiales also includes strains such as those in Amorphus coralli (Zeevi Ben Yosef et al., 2008) , Bauldia consociata and Bauldia litoralis (Yee et al., 2010) , Pleomorphomonas oryzae (Xie & Yokota, 2005) and Martelella mediterranea (Rivas et al., 2005) which do not belong to any of the above families. In the present study, based on a polyphasic taxonomic approach (Vandamme et al., 1996) , a strain isolated from a mud volcano (AMV1   T   ) is assigned to a new genus of the family Rhodobiaceae.
Strain AMV1
T was isolated from a soil sample collected from a mud volcano of Baratang Island, Middle Andamans, India, on 20 February 2009. The sample that yielded strain AMV1
T had a pH of 7.5. For isolation of bacteria, 100 mg of the soil sample was suspended in 1 % saline water and plated on Zobell's marine agar medium (Zobell, 1941) and incubated at room temperature for 15 days. Based on colony morphology, a pale orangepigmented colony was selected and characterized in the present study. (Srinivas et al., 2007) . Motility was assessed on trypticase soy agar (TSA) [containing (l 21 ) pancreatic digest of casein (17 g), papaic digest of soyabean meat (3 g), NaCl (5 g), dipotassium hydrogen phosphate (2.5 g), glucose (2.5 g) and agar (0.4 g)] and also by light microscopy (Reddy et al., 2008) . Growth at 4, 10, 18, 25, 30, 37 and 40 u C and with 0 (without NaCl), 1, 2, 3, 4, 5, 6, 8 and 10 % (w/v) NaCl, biochemical characteristics, carbon source assimilation, H 2 S production and sensitivity to 32 different antibiotics (HiMedia) were determined according to the methods of Lányí (1987) and Smibert & Krieg (1994) . Biochemical characteristics were confirmed by using a Hi25 Enterobacteriaceae identification kit (cat. no. KB003) and the HiCarbohydrate kit parts A, B and C (cat. no. KB009; HiMedia) according to the manufacturer's protocol. Growth of strain AMV1
T at pH 5, 6, 7, 7.5, 8, 8.5, 9, 9.5, 10, 11 and 12 was assessed on TSA buffered with citric acid/NaOH (for pH 5 and 6), phosphate (for pH 7 and 8), glycine/NaOH (for pH 9 and 10) or Tris (for pH 11 and 12). The phenotypic characteristics of strain AMV1
T are listed in the species description below and in Table 1 .
For pigment extraction, 2 ml of an exponential phase culture grown on Zobell's marine broth was centrifuged, the supernatant was discarded, 2 ml ethanol was added and mixed thoroughly on a vortex mixer; following centrifugation, the supernatant was transferred to a new centrifuge tube. The absorption spectrum was measured at 300-800 nm on a Lambda 35 spectrometer (Perkin Elmer) with either acetone or ethanol as a blank.
For cellular fatty acids analysis, strain AMV1
T and Amorphus coralli DSM 19760 T were grown in TSA plates at 30 u C for 48 h. Standardization of the physiological age of these two strains was done based on the protocol given by the Sherlock Microbial Identification System (MIDI; http://www.microbialid.com/PDF/TechNote_101.pdf). Cellular fatty acid methyl esters were obtained from cells by saponification, methylation and extraction following the MIDI protocol. Cellular fatty acid methyl esters were separated by GC (6850) and identified and qualified with MIDI System software (version 6.0, by using the aerobe RTSBA6 method and RTSBA6 database). Polar lipids were extracted following the method of Bligh & Dyer (1959) and analysed by two-dimensional TLC followed by spraying with appropriate detection reagents (Komagata & Suzuki, 1987) . Phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), phosphatidyinositol, phosphatidylcholine (PC), phosphatidylethanolamine (PE) and phosphatidylserine (PS) were used as standards for two-dimensional TLC. Total lipids were detected by staining with molybdophosphoric acid. Ubiquinones were extracted as described by Collins et al. (1977) and analysed by HPLC (Groth et al., 1997) . Ubiquinones and polar lipids were analysed on freeze-dried cells. DNA was isolated according to the procedure of Marmur (1961) and the G+C content was determined from melting point (T m ) curves (Sly et al., 1986) obtained by using a Lambda 2 UV-Vis spectrophotometer (Perkin Elmer) equipped with the Templab 2.0 software package (Perkin Elmer). Escherichia coli DNA was used as a standard in determining the DNA G+C content. For 16S rRNA gene sequencing, DNA was prepared by using a microbial DNA isolation kit (Mo Bio Laboratories) and sequenced as described by Lane (1991) . The resultant almost-complete sequence of the 16S rRNA gene was 1455 nt. The 16S rRNA gene sequence of the new isolate was subjected to BLAST sequence similarity searches (Altschul et al., 1990) and the EzTaxon server (Chun et al., 2007) was used to identify the nearest taxa. The 16S rRNA gene sequences of type species of different families in the order Rhizobiales and unclassified taxa of the order Rhizobiales were downloaded from the NCBI database (http://www.ncbi.nlm.nih.gov); these were aligned by using the CLUSTAL X program (Thompson et al., 1997) and the alignment was then corrected manually. Phylogenetic trees were constructed by using the maximumlikelihood method and neighbour-joining (Saitou & Nei, 1987) tree-making algorithms, by using the PhyML program (Guindon et al., 2005) and MEGA4 (Tamura et al., 2007) , respectively. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches (Felsenstein, 1993) . Pair-wise evolutionary distances were computed by using the DNADIST program with Kimura's two-parameter model (Kimura, 1980) . Based on colony morphology, four unique morphotypes were selected and sequenced (16S rRNA genes). Based on BLAST searches, strains AMV1 T , AMV17, AMV18 and AMV19 were phylogenetically close to the type strains of Tepidamorphus gemmatus (95.0 % 16S rRNA gene sequence similarity), Erythrobacter gaetbuli (100 %), Loktanella hongkongensis (98.5 %) and Pontibacter korlensis (98.2 %), respectively. Strain AMV1 T , which differed from its nearest phylogenetic neighbour by 5.0 % at the 16S rRNA gene sequence level, was selected for further characterization. Cells of strain AMV1
T were Gram-negative, oval to rodshaped, multiplied by binary fission and were motile (Fig.  S1 , available in IJSEM Online). Colonies on marine agar were pale orange, circular, 2-4 mm in diameter and convex with entire margins. Cells grew at 25-37 u C (optimum 30-37 u C) and were able to tolerate up to 4 % (w/v) NaCl. The total lipids comprised DPG, PG, PE, three unidentified lipids (UL1-UL3), one unidentified phospholipid (PL3) and one unidentified aminolipid (AL) (Fig. S2) . Amorphus coralli DSM 19760 T contained DPG, PG, PE, two unidentified phospholipids (PL1 and PL2) and one unidentified AL (Fig. S2) . Taxa belonging to the order Rhizobiales normally possess a number of polar lipids, such as PS, PC, PG, DPG, bisphosphatidylglycerol, PE, phosphatidylmonomethylethanolamine, phosphatidyldimethylethanolamine, phosphatidic acid and aminophospholipids, together with unidentified phospholipids, glycolipids and ALs, and unidentified lipids (Hwang & Cho, 2008) . Strain AMV1 T contained ubiquinone-10 (Q-10) as the major respiratory quinone and minor quantities of ubiquinone-9 (Q-9), thus resembling Amorphus coralli DSM 19760 T . The other characteristics of strain AMV1
T are listed in the species description below and in Table 2 . The predominant fatty acids found in strain AMV1 T were C 16 : 0 (5.7 %), C 18 : 1 v7c (78.6 %) and C 19 : 0 cyclo v8c (6.3 %) ( members of the order Rhizobiales (class Alphaproteobacteria), with pairwise sequence similarities of 95.0, 94.5, 94.4 and 94.0 %, respectively, and of ,94 % with all other members of the order Rhizobiales (Fig. S3 ). Phylogenetic analyses indicated that strain AMV1 T clustered with four uncultured clone sequences and Tepidamorphus gemmatus (a member of the family Rhodobiaceae) at phylogenetic distances of 6.6-9.1 and 7 % (93.4-90.9 and 93 % 16S rRNA gene sequence similarity), respectively, which together clustered with species of the genera Afifella, Amorphus and Rhodobium but branched separately from species of the genus Bauldia at phylogenetic distances of 10.9, 10-10.3, 9.1 and 10. 5-10.6 % (89.1, 90-89.7, 90.9, 89.5-89 .4 % 16S rRNA gene sequence similarity), respectively, and was distantly related to other members of the order Rhizobiales (Fig. 1) .
T could also be phenotypically differentiated from Amorphus coralli DSM 19760 T , Tepidamorphus gemmatus CB-27A T , Rhodobium orientis DSM 11290 T and Afifella pfennigii DSM 17143 T (Table 1) based on morphological, physiological, biochemical and chemotaxonomic features (Table 1) . Strain AMV1 T could also be distinguished phylogenetically from the type strains of Bauldia consociata and Bauldia litoralis (Fig. 1) based on physiological characteristics such as cell shape, absence of prosthecae, presence of motility, utilization of different carbon sources, colony colour and higher DNA G+C content. The cumulative differences that strain AMV1
T exhibits with members of the above genera unambiguously suggest that strain AMV1
T is a representative of a novel species of a new genus, for which the name Lutibaculum baratangense gen. nov., sp. nov. is proposed.
Description of Lutibaculum gen. nov.
Lutibaculum (lu.ti.ba9cu.lum. L. n. lutum mud; L. neut. n. baculum rod; N.L. neut. n. Lutibaculum rod from mud).
Cells are Gram-negative, aerobic, oval to rod-shaped and positive for catalase and oxidase activities. The major fatty acids are C 18 : 1 v7c, C 19 : 0 cyclo v8c and C 16 : 0 , and Q-9 and Q-10 are the respiratory quinones. The total lipids are DPG, PG, PE, three unidentified lipids, one unidentified phospholipid and one unidentified AL. Phylogenetically closely related to the genus Amorphus. The genus is affiliated to the family Rhodobiaceae, order Rhizobiales. The type species is Lutibaculum baratangense.
Description of Lutibaculum baratangense sp. nov.
Lutibaculum baratangense (ba.ra.tan.gen9se. N.L. neut. adj. baratangense pertaining to Baratanga, an island of the Andaman group of islands, from where the type strain was isolated).
The main characteristics are the same as those given for the genus. In addition, cells are 0.9-1.2 mm wide and 1.5-2.0 mm long, motile by means of two monopolar flagella, occur singly and multiply by binary fission. Colonies on marine agar are pale orange, circular, 2-4 mm in diameter and convex with entire margins. Grows at 25-37 u C (optimum 30-37 u C) and at pH 7-9 (optimum pH 8) and tolerates up to 4 % (w/v) NaCl. Positive for arginine dehydrolase, lysine decarboxylase, ornithine decarboxylase and lipase activities but negative for urease, tryptophan deaminase and DNase activities. The methyl red and Voges-Proskauer reactions are negative. Hydrolyses casein but not cellulose, gelatin or starch. Nitrate is reduced and H 2 S gas is not produced. Indole is not produced. Produces acid from rhamnose, cellobiose, raffinose, glucose, lactose, fructose, galactose, L-arabinose, sodium gluconate, glucosamine, methyl a-D-glucoside, ribose, D-arabinose and sorbose but not from xylose, adonitol, melibiose, trehalose, maltose, sucrose, mannose, inulin, glycerol, salicin, dulcitol, inositol, sorbitol, mannitol, melezitose, methyl a-Dmannoside, xylitol, citrate or malonate. Assimilates xylose, cellobiose, melibiose, glucose, lactose, maltose, galactose, Larabinose, glucosamine, ribose, D-arabinose, valine, phenylalanine, glutamic acid, threonine, methionine, glutamine and serine but not adonitol, rhamnose, raffinose, trehalose, fructose, sucrose, inulin, sodium gluconate, glycerol, salicin, T to members of the order Rhizobiales. Filled circles indicate branching topologies that are also present in the trees obtained by using the neighbour-joining and maximum-composite-likelihood methods. Numbers at nodes are bootstrap values (percentages of 1000 replicates); only values .50 % are shown. E. coli K-12 was used as an outgroup. Bar, 0.02 substitutions per alignment position.
